A novel (؉)-␥-lactamase used for the resolution of racemic ␥-lactam from Bradyrhizobium japonicum USDA 6 was found as a result of sequence-structure guided genome mining. It consists of 409 amino acids, only 49% of which are identical to the amino acid sequences of the known (؉)-␥-lactamase from Sulfolobus solfataricus. This is only the third (؉)-␥-lactamase gene to be reported.
. Moreover, when we obtain the gene of (ϩ)-␥-lactamase, it will be easy to obtain the crystal structure of the recombinant enzyme that will give us more information to better understand the mechanism of the catalytic process.
Until now, only two (ϩ)-␥-lactamases have been sequenced, expressed in Escherichia coli, and used in the industry process for (Ϫ)-␥-lactam: those from C. acidovorans and S. solfataricus (2, 10, 15, 22, 25, 26) . Both enzymes have been crystallized, but structure determination by multiple isomorphous replacement is still in progress (6, 15) . It is expected that structural information from these amidases will increase our knowledge of molecular catalytic mechanisms. The sequence of the (ϩ)-␥-lactamase from C. acidovorans showed 80% identity to a formamidase from Bradyrhizobium japonicum USDA 6 and 63% identity to a formamidase from Methylophilus methylotropus (27) . The sequence of the (ϩ)-␥-lactamase from S. solfataricus showed about 40% identity to an amidase from Rhodococcus rhodochrous J1 (11) and Rhodococcus sp. N-771 (16) . It is interesting that no identity was found between the (ϩ)-␥-lactamases from C. acidovorans and S. solfataricus, which means that two different kinds of amidases showed similar (ϩ)-␥-lactamase activity. Novel (ϩ)-␥-lactamases need to be identified and examined to better understand this useful industrial catalyst.
Although novel screening methods for finding new organisms with (ϩ)-␥-lactamase activity have been developed, it is widely believed that biotechnology has missed up to 99% of existing microbial resources by using traditional screening techniques (13) . The isolation of enzymes from wild strains is usually time-consuming and requires a heavy workload. During purification, different methods such as ammonium sulfate fractionation, ion exchange, and hydrophobic and gel filtration chromatography are used, and the protein loses activity during purification and storage (1) . This means that it is difficult to obtain the gene of (ϩ)-␥-lactamase using these methods. Current advances in genome sequencing have revolutionized research in the field of biotechnology, not only giving us a glimpse into the uncultured microbial population but also enabling the high-throughput discovery of new enzymes for industrial bioconversions (4) . A genomics-inspired strategy has been successful in unveiling a new (ϩ)-␥-lactamase that was overlooked using standard screening methods. We believe that as more genome sequences become available, more novel (ϩ)-␥-lactamases will be found in underexplored or neglected organisms.
In this article, we describe the identification of a novel (ϩ)-␥-lactamase from B. japonicum USDA 6 based on sequence-structure guided genome mining for the synthesis of optically pure lactam. This is the third (ϩ)-␥-lactamase gene to be reported, and it is the first (ϩ)-␥-lactamase found by a genome-mining method.
In silico screening of DNA sequence databases for the putative (ϩ)-␥-lactamase genes in microorganisms was performed. A BLAST search using (ϩ)-␥-lactamase from S. solfataricus as a template was performed in NCBI, and an unnamed protein product (GenBank accession no. BJ6T_02120) was found from B. japonicum USDA 6 that showed 49% identity to the template (Fig. 2) . B. japonicum USDA 6 is a Gram-negative, rod-shaped, nitrogen-fixing bacterium that forms a symbiotic relationship with Glycine max. It is a slow-growing bacterium and therefore not suitable for application in biotechnology. However, neglected organisms might contain effective (ϩ)-␥-lactamase. In order to confirm our prediction, the whole cell of B. japonicum USDA 6 (purchased from China General Microbiological Culture Collection Center) was cultured to catalyze the racemic ␥-lactam. High (ϩ)-␥-lactamase activity was detected. Based on the gene of the unnamed protein product, the gene was amplified from B. japonicum USDA 6 genomic DNA by the use of forward primer 5=-GGAATTCCAT ATGGTGACAGTTGTCCTTCC-3= and reverse primer 5=-CCCA AGCTTTCACATCTTCTTCCAGTCGCC-3= (the NdeI restriction site is underlined in the former, and the HindIII restriction site is underlined in the latter). Then, the gene was cloned into plasmid pET-30a(ϩ) and transformed into E. coli BL21(DE3) for expression, which was induced by 1 mM IPTG (isopropyl-␤-Dthiogalactopyranoside) at 37°C for 4 h. The cells were harvested by centrifugation (4,000 ϫ g for 10 min) and then analyzed with sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
The recombinant (ϩ)-␥-lactamase ran as a single band on an SDS-PAGE gel (Fig. 3) , corresponding to the predicted molecular mass of 50 kDa. The (ϩ)-␥-lactamase activity was assayed by high-performance liquid chromatography (HPLC). Assay conditions for enzyme activity were as follows: wet recombinant cells (7 mg) were added to 500 l of the 100 mM substrate solution (pH 7.0, 50 mM phosphate buffer) with an E. coli wild-type strain as a negative control. The reaction solution was incubated at 37°C for 24 h. The reaction solution was extracted with 200 l ethyl acetate. The ethyl acetate extract (10 l) was applied to a Daicel Chiralpak AS-H column (Daicel Corp., Tokyo, Japan) and eluted with a mobile phase consisting of 90% acetonitrile and 10% isopropanol (volume ratio) at a flow rate of 0.6 ml/min. The UV absorbance of eluted ␥-lactam was measured at 230 nm. The (ϩ)-␥-lactam and (Ϫ)-␥-lactam had retention times of 11 and 12.7 min, respectively. As shown in Fig. 4 , the (ϩ)-␥-lactamase from B. japonicum USDA 6 appears to have potential for the production of chirally pure ␥-lactam by hydrolyzing the (ϩ)-␥-lactam specifically with no action against the (Ϫ) isomer. This high specificity and activity resulted in a yield of 49% and an enantiomeric excess of Ͼ99%.
As predicted by rational genome mining, a novel (ϩ)-␥-lactamase was found and cloned from B. japonicum USDA 6. While only two (ϩ)-␥-lactamases without similarity have been reported in previous literature, this third novel (ϩ)-␥-lactamase will give us more information about this kind of enzyme. Also, while thousands of other industrial biocatalysts have been studied (e.g., esterase), research on (ϩ)-␥-lactamase is relatively scarce. Genomemining methods provide an opportunity to examine these useful industrial biocatalysts in nature. The (ϩ)-␥-lactamase from B. japonicum USDA 6 was expressed in E. coli, and its industrial applications could include the production of chirally pure (Ϫ)-␥-lactam for the synthesis of carbocyclic nucleosides such as the anti-HIV agent abacavir.
